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Abstract 
Non-point sources of traffic-related pollution become a major concern as they – compared to the point-source inputs – are more 
difficult to be defined or controlled. It is crucial to evaluate the fraction of traffic-related contamination that is transported to the 
road surroundings as it could negatively impact soil, surface water and groundwater. This study describes two means through 
which pollutants leave the road to the surrounding environment. Three German motorways were selected (A4, A555, and A61), 
where runoff and deposits were analyzed to determine pollutant load moving into the roadside soil or into the drainage system. 
Each of the three motorways carries approximately 70,000 vehicles a day on 4 to 6 driving lanes; and they cover a broad range of 
truck participation in the total traffic load ranging from 5.4% to 19.8%. The three motorways represent several topographical and 
landscape features as forest with noise barrier and parallel as well as perpendicular orientation to the main wind direction. 
Sampling of runoff and deposition was done on monthly basis. Bulk deposition was collected in Bergerhoff vessels at two 
heights (1.5 m and 0.3 m above the ground) and in 1 m, 2.5 m, 5 m and 10 m distances from the road edge. The results showed 
that heavy metals as well as large amounts of mineral compounds are moving from the driving lanes into the roadside 
environment. This includes sodium from applying deicing salts in winter seasons, which could be found in soil, dust and water 
samples. Calcium and iron were also detected in almost comparable concentrations. The annual deposition flow (bulk deposition) 
measured at a height of 1.5 m was higher than the comparative values for urban areas and background measuring points. The 
spatial distribution of material deposition showed clear differences between the three motorways. The pollutant load in deposition 
measured near the ground surface was higher than those measured at 1.5 m above the land surface. At all three sites, a clear 
negative correlation between pollutant load and the distance from the roadside could be found. Nearly 90% of the concentration 
values of heavy metals in road runoff were below or in the range of the test values for seepage water in the German Soil 
Protection and Contamination Ordinance. The pH-values around 7 in runoff and adjacent soil provide a good retention capacity 
in the soil for the heavy metal input. 
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1. Introduction 
Roadways emissions may contaminate roadside environment including water and soil, and could have adverse 
effects on natural species. Traffic related emissions are produced either as gases, particles, or in soluble form. Road-
vehicle interaction produces several emissions including organic and inorganic substances, starting from those 
related to road wear and maintenance to materials that are produced from vehicle-related oils and tire and brake 
wears. Exhaust traffic-related emissions include gases such as carbon monoxide (CO), carbon dioxide (CO2), 
nitrogen oxides (NOx), sulfur dioxide (SO2), and volatile organic compounds (VOCs). These gases are products of 
either complete or incomplete fuel combustion. Moreover, some carbonaceous and trace elements are released in 
form of particulate substances. Introducing new technologies and stricter regulations in Europe have contributed to a 
decrease in exhaust emissions (Regulation 595/2009). However, passenger and heavy duty vehicles are still 
considered a significant source of nitrogen oxides, volatile organic compounds, and particulate matter (EEA 2015). 
Non-exhaust emissions are mainly generated due to leakage of vehicle-related fluids, abrasion of vehicle parts and 
road surface, and deicing salts as well as cleaning agents. These emissions are released and transported within 
different compartments of the road surrounding environment by air or water. These substances can be carried from 
the road surface with runoff to the surrounding environment, carried by air to far distances from the roadside. It is 
necessary to understand the mechanisms and the rates that control the transport of these substances within the 
roadside environment. This paper presents the first phase of a study that attempt to estimate the accumulation rate of 
airborne and water-transported deposits along three German highways. After an introduction and a short review of 
traffic-related emissions, we will describe the study locations, illustrate the methodology, and present the results. 
2. Release of traffic-related pollutants into the roadside environment 
Air and water carry traffic pollutants from the road into the surrounding environment. Exhaust emissions are 
released into the ambient atmosphere, where secondary particles might be formed. Both primary and secondary 
particles could be settled onto the ground surface, then transported together with particulate-sorbed materials and 
dissolved substances by runoff and splash water to the road surrounding environment; or stay longer in the air. 
Particulates that remain in the ambient atmosphere can settle later when conditions are available or transported away 
from the road environment. Substances that are transported into the roadside surrounding environment could be 
deposited within soil, leached into groundwater or transported into surface water bodies. German regulations for the 
drainage of road runoff (RAS-Ew) consider soil and water protection, natural and landscape conservation. 
Therefore, understanding behavior of traffic-relation emissions in soil-water system is essential for appropriate 
design of drainage system to reduce negative impacts on natural resources. This section summarizes several 
literature studies that described the behavior of the main traffic-emissions including deicing salts and heavy metals. 
Sodium chloride is the mostly used deicing agent in winter seasons. It is used either as dry salt, wet salt, or in 
solution. Deicing salts can be generally transported into the road surrounding environment through runoff, 
ploughing or via airborne mechanisms. Depending on the configuration of the road drainage, salts will either leach 
through soil into groundwater, or be transported into drainage basins then to the nearest surface water body. Several 
previous researches attempted to study the distribution of deicing salts in the road surrounding environment. Brod 
(1993) summarized in a report published by the Federal Highway Research Institute (BASt) a series of German and 
international studies that evaluated mass balance of applied deicing salts. According to this report, most of the 
applied deicing salt is carried by runoff to the road embankment or to the drainage system, where a little part of 
about 10–15% is transported by air. According to Remmlinger (1984), it was revealed that about 40% of the applied 
deicing salts were transported to the roadside soil. Additionally, other studies considered the spatial distribution of 
deicing salts. McBean and Al-Nassri (1987) proved that about 90% of the air-deposited salts were located within the 
first 13 m from the road edge, whereas Blomqvist and Johansson (1999) quantified that about  
20–63% from the applied deicing salts was deposited in soil within 40 m distance from the road edge. Several 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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studies evaluated the transport of traffic-released heavy metals in soil, groundwater and surface water bodies. 
A comprehensive mass balance has been conducted by Steiner et al. (2007) to quantify the distribution of heavy 
metals in the roadside environment. They concluded that the maximum input of heavy metals was recorded at 1 m 
distance from the roadside. About 200 soil samples around a road in the city Kavala in Greece were tested for their 
metal content. Significant concentrations of heavy metal deposits with a negative correlation with distance from the 
roadside have been found in studies conducted by Viard et al. (2004); Grigalavičiene et al. (2005); Deska et al. 
(2011); Yan et al. (2013); and Modrzewska and Wyszkowski (2014). 
Harrison and Wilson (1985) found that the total ionic concentration of some metals such as K+ and Mg+ was 
predominantly particulate-bound, whereas the significant ion constitutes (Na+, Ca+, Cl-, and SO42-) occurred in 
dissolved fractions for ten instantaneous runoff samples. In another study conducted by Sansalone et al. (1997), 
metals partitioning between dissolved and particulate-bound was analyzed for two runoff events. Al, Fe and Pb 
occurred predominantly in particulate-bound form in all samples, whereas Zn and Ni occurred mainly in dissolved 
form. Norrström and Jacks (1998) investigated leaching of heavy metals in an experimental and field study and 
revealed an increased concentration with soil depth for the heavy metals Cd, Pb, Cu and Zn in the presence of high 
NaCl concentration near to roadside in Stockholm area. The accumulation of heavy metals in the roadside soils 
along one of the oldest German motorways revealed elevated metal content that exceeded the concentration in a 
reference site located 800 m from the motorway. Moreover, the metals content of the upper soil layer within the first 
10 m exceeded the precautionary values of the German Federal Soil Protection and Contamination Ordinance 
(BBodSchV) (Kluge and Wessolek 2012).  
We prepared the field investigation and the experimental methods to cover some issues that were not considered 
in previous studies, e.g. the way and the frequency of sampling. This should provide more accurate estimate of 
airborne and water-transported deposits into the roadside environment. More details will be described in the next 
section. 
3. Material and method 
The results presented here are a part of a long-term investigation performed by the Federal Highway Research 
Institute (BASt). This investigation has started in 2005 and aims to predict the long-term contaminant input into the 
roadside environment. In this study, the following assumptions will be tested: (1) The mass of traffic deposits are 
higher than the background values and decreases with increasing distance from the road edge; (2) roads with similar 
traffic load show different traffic deposits depending on the share of heavy traffic; (3) The sum of metal mass flow 
caused by traffic deposits on both sides of the road is the same for roads with similar traffic load and share of heavy 
traffic independent of their position to main wind direction or obstacles confining (perpendicular) flow conditions; 
(4) the metal mass flow caused by traffic deposits is higher on the leeside than on the windward side of the road.  
3.1. Study sites 
Table 1 summarizes the characteristic of the three highways where sampling takes place. The three sites are 
located near the cities Cologne, Bonn, and Koblenz and were selected to cover a range in local conditions and traffic 
volume that is representative for most regions in Germany. 
3.1.1. Field sampling of soil 
Metal concentrations in soil at the sampling sites were also measured to consider the influence of dust and 
splashed materials. Additionally, soil samples were collected at different distances (1 m, 2.5 m, 5 m, and 10 m) on 
both sides of the A61 motorway and from the vicinity of the gauge samplers. For each sample, about 1.5 kg of soil 
was collected from several locations to get as much representative sample as possible. Soil samples were transported 
in plastic bag to the soil laboratory of the Federal Highway Research Institute (BASt). 
3.1.2. Field sampling of bulk deposition 
Samples of bulk deposits were collected and analyzed for their physical parameters, organic substances, and 
inorganic chemical composition. Accumulation of bulk deposits has been measured at different distances from the 
road edge on both northern and southern sides of the A4 motorway; on the eastern side of the A61; and on both 
eastern and western sides of the A555. All samples have been collected at two heights from the land surface (1.5 m 
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and 0.1 m). Background deposition was also estimated through samples at far distances from the road edge: at 
150 m from the A4; at 130 m from the A61; and at 100 m from the A555. These distances were selected according 
to local conditions and available recommendation in literature review. It is worthwhile to mention that the bulk 
deposition was measured in mg*m-2*d-1 as pollution load, whereas the deposition of individual elements was 
measured in μg*m-2*d-1. 
Table 1. Overview of the main characteristics of the three motorways (traffic data BASt 2001). 
Location A4  Bensberg A61  Meckenheim A555  Widdig 
Motorway-km 92.7 177.4 13.2 
Nearest traffic census point Bensberg-Frankenforst Ringen-Vettelhofen Godorf-Wesseling 
Road junction 1 Bensberg Meckenheim Wesseling 
Road junction 2 Moitzfeld Ahrweiler Bornheim 
ADT (Average Daily Traffic: Vehicles per 24 h) 71220 73310 69368 
Heavy traffic share (%) 8.5 19.8 5.4 
Lanes 4 5 6 
Hard shoulder (emergency lane) on both sides on both sides on both sides 
Deposits and water samples were collected on monthly basis (30±1day) from the June 2005 to July 2006, 
whereas soil sample were collected once in July 2005. A gauge sampler has been adopted according to the VDI 
standards 2119 (1996) to collect deposits. The sampler is placed at a certain distance from the road edge and fixed at 
1.5–2 m height. The device is surrounded by an inert metallic basket to prevent external disturbance, e.g. from birds. 
The device is a bulk-deposition sampler as it collects both wet and dry deposits. A second group of the same 
samplers where fixed closed to the land surface (at a 10 cm height) to get realistic results for substance entering the 
soil system. Clean samplers were placed at different distance from the road edge; 1 m, 2.5 m, 5 m, and 10 m. 
Samples were collected in three replicates and transported to the laboratory of the Federal Highway Research 
Institute (BASt) for further analysis. A specific nomenclature system was developed to describe the sites of 
deposition samples and give enough information about the motorway, direction, and distance from the road. A61E10 
means that sample is located at 10 m distance from the eastern road edge of the motorway A61, whereas A4N150-R 
refers to a reference sample at 150 m distance from the edge of the northern side of the motorway A4.  
3.2. Laboratory analyses 
Soil samples were dried in laboratory at a temperature of 30 °C, pulverized and passed through a mesh sieve 
(2 mm) to separate fine from coarse particles. About 10 g from the fine soil where grinded up using an oscillating 
disc mill with agate bowl. Two portions, each of 10 g, of the fraction < 2 mm were fully mixed with 25 ml of CaCl2 
(0.01 molar concentration) and 25 ml of distilled water respectively, and rested for 1h. Afterwards, pH was 
measured using a glass electrode with temperature compensation in both solutions. The electrical conductivity was 
also measured in the soil water solution. The total amounts of heavy metals in soil samples were determined by 
digesting them in aqua regia in closed vessels in a microwave oven (Perkin Elmer) according to DIN ISO 11466 
(1995). The concentrations of Cd, Cu and Pb in the diluted digests were measured by graphite tube atomic 
absorption spectrophotometer (Varian SpectrAA 800Z) and zinc by flame AAS (AAS Perkin Elmer 1100B). All 
samples were run in triplicates and a certified reference material (BRM 06C, Germany) was used as the quality 
control samples. All insects, stones and plant leaves were carefully washed off into the deposits sampler before 
being removed. Samples were then dried at 60 °C to let water evaporate. The deposits were transported from the 
vessels into smaller digestion vessels and dried again at 105 °C, cooled in desiccators at room temperature and 
weighed. Bulk deposition samples were digested in a mixed acid liquid (hydrofluoric acid HF and nitric acid HNO3) 
to dissolve the inorganic materials and particularly heavy metals. Concentrations of inorganic pollutants were 
determined according to method described by VDI-RL 2267-14.  
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4. Results and discussion 
Table 2 shows the pH and electrical conductivity measured at different soil depths and distances from the 
roadside of the three motorways. The pH values were relatively high at all locations close to the roadside, which is 
attributed to that influence of road runoff. This agrees with the findings of many literature studies, which stated that 
road runoff usually exhibited an elevated pH value (Kocher et al., 2005; Koryaka et al., 2000; and Lee et al., 2006). 
Two of three study sites presented increasing pH values with depth, which could be attributed to the presence of 
lime in the natural soil or the construction material. The electrical conductivity values were generally higher in 
surface samples and near the road edge which is mainly due to impacts of residues of applied deicing salts. 
Table 2. Physical and chemical characterization of soil samples and land use description. 
Location Land use Distance (m) Soil depth (cm) pH (in H2O) EC (ms/cm) 
A61 Embankment 1 0–10  8.37 4.05 
A61 Embankment 1 0–23 9.58 2.71 
A61 Embankment 1 23–45 9.42 4.9 
A61 Grassland  10 0–10  8.14 2.94 
A61 Grassland  10 10–20  8.13 1.84 
A61 Grassland  10 20–48  8.26 1.52 
A61 Grassland  10 48–>60  8.64 1.79 
A555 Embankment 1 0–10  7.28 1.72 
A555 Agriculture 5 0–10  6.43 0.58 
A555 Agriculture 15 0–10  6.25 0.63 
A4 Embankment 1 0–10  6.77 3.27 
A4 Embankment 0.2 0–10  8.13 2.53 
As can be depicted from Figure 1, a decreasing pattern of metal concentration with increasing distance from the 
road side has been observed in the three sites (A4, A61, and A555). Concentration of vanadium at 1 m distance from 
the road edge was the double of its concentration at 2.5 m distance from the road, after which the concentration 
appears to be constant. The concentration of cobalt, nickel and chrome reveals a slight decrease with increasing 
distance from the road edge, whereas the concentration of other heavy metals at 1 m distance was four to five times 
higher than their concentration at 10 m distance from the road edge. This decreasing pattern can be attributed to the 
effect of traffic on roadside soil. The inverse correlation of heavy metal concentration with distance was clear in the 
case of zinc, lead and copper. 
 
Fig. 1. Spatial distribution of some selected heavy metals in the upper roadside soil (0–10 cm) and the decrease with distance from the road edge 
of the A61 motorway. 
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The concentration of zinc, lead, and copper were substantially higher than the precautionary values of the 
German Federal Soil Protection and Contamination Ordinance (BBodSchV) of the Ministry for Environment 
(BBodSchV 1999) near the roadside (as presented in Table 3). Their concentration decreased after 2 m from the 
road edge but stayed above the precautionary values even at distances away from road edge. Nickel and cobalt 
concentration was already below the precautionary values and decreased as well as with increasing distance from the 
road edge. Cadmium exceeded the precautionary value of 1 mg*kg-1 only in the first sample which was close to the 
roadside; whereas its concentration in all other samples was lower than 0.8 mg*kg-1. 
Table 3. Precautionary values for some trace elements of the solid soil (mg*kg-1 dry soil) (BBodSchV 1999). 
Soil Cadmium 
(Cd) 
Lead 
(Pb) 
Chrom 
(Cr) 
Copper 
(Cu) 
Mercury 
(Hg) 
Nickel 
(Ni) 
Zinc 
(Zn) 
Clay      1.5    100      100 60       1 70 200 
Silt/loam      1     70       60 40       0.5 50 150 
Sand      0.4     40       30 20       0.1 15  60 
4.1. Bulk airborne deposition 
It was assumed that measurements at far distances from the road side could act as background values. Therefore, 
deposits were collected at 150 m, 100 m, and 130 m from the road edges of A4, A555 and A61 respectively. As 
shown in Table 4, the average total deposition load in the background samples ranged from 152 mg*m-2*d-1 at the 
western forest side of the A4 to about 740 mg*m-2*d-1 at the eastern side of the A555. In samples collected at both 
sides of the A555, bulk deposition was higher than the VDI ranges for both rural and urban areas. Bulk samples 
collected at A4 and A61 were higher than the VDI range for rural areas. Generally, most of the samples exhibited 
bulk depositions higher than the typical ranges of the bulk deposition and heavy metals in rural and urban areas. 
A significant change has been observed for individual metals in the background samples. As an example, the 
deposition load of lead varied between 5.5 μg*m-2*d-1 to about 150 μg*m-2*d-1 with the highest level at the 
windward side of A61. A peak deposition load occurred at the leeward side of A555 for calcium, iron, copper, 
sodium, vanadium and zinc. Metals such as Cd, Fe, Cu, V, and Zn as well as Na and Ca revealed higher deposition 
loads than the suggested VDI ranges. These results show that the traffic emissions could reach large distances from 
the motorway. It is important to mention that the VDI ranges are typical values suggested by the German 
Association for Engineers (VDI) and are presented in the last two columns in Table 5. These VDI values are 
concerned mainly with human health and therefore are taken close for residential areas. This explains why the most 
of the measured samples of deposition load are higher than the VDI ranges. To evaluate the influence of the 
sampling height on the deposition load, deposition samples were collected at two different heights, 0.1 m and 1.5 m. 
The sampling points which are close to the soil surface revealed higher concentrations than the point which are 
1.5 m higher than the land surface.  
4.2. Spatial distribution of airborne deposits 
Figure 5 shows the spatial distribution for some individual elements on the roadside of the three motorways. 
A decreasing trend with increasing distance from the roadside was observed for both sampling heights. The 
maximum concentration of the individual elements – except cadmium – occurs at 1 m distance from the road edge 
of the A555 motorway. After a local minimum at 5 m distance, input loads decrease with increasing distance, with 
higher values on the leeside compared to the values on the windward side. Both sides of the A555 motorway have 
the same topography, whereas herbaceous plants cover the windward side. This could explain the low input of heavy 
metals at the windward side.  
The A61 motorway showed a similar trend compared to A555. At distances close to the road edge, samples at 
1.5 m height shows lower inputs than those samples at 0.1 m height. At large distances from the road edge, samples 
at 1.5 m height revealed higher pollutant loads. This can be clearly observed along the A61 and on the two sides of 
the A555 for the elements lead, sodium, chrome, and partially for iron and zinc. This could be attributed the 
disturbance impact caused by traffic on the road and appears as splash water that can be directly collected by 
sampling container at 1.5 m height. The background points at 100 m distance from the road edge of the motorways 
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A555 and A61 still show higher pollutant load particularly on the eastern side of A555 motorway. It should be 
investigated if the effect of traffic reaches such large distances or if there are other potential pollution sources at 
a large from the road edge. The noise protection wall at 5 m distance from the northern road edge of the 
A4 motorway influenced both measuring procedure and results. Samples were collected at only three different 
distances from the road edge; 1 m, 2.5 m and 4 m. Samples at 0.1 m height showed a clear decreasing trend at both 
northern and southern side of the A4 motorway. 
Table 4. Time-based average of deposits measured at the “background” sampling points compared with the typical values of air deposits 
including heavy metals suggested by the German Association for Engineers (VDI-RL 2267, 14). N.N. = not detectable. Total air deposits were 
measured in (mg*m-2*d-1).   
Elements Deposits at background points 
(μg*m-2*d-1) in 1.5 m height 
Typical ranges of deposits (μg*m-2*d-1) 
according to (VDI-RL 2267, part 14) 
A555W100 
Windward 
Agriculture 
A555E100 
Leeward 
Agriculture 
A61E130 
Windward 
Agriculture 
A4S150 
 
Forest 
 
 
Rural 
 
 
Urban 
Total air deposits 640 740 360 152 6 530 
Lead (Pb) N.N 5.54 149 – 10–20 20–35 
Cadmium (Cd) 0.63 0.52 0.69 0.152 0.2–0.6 0.3–1.0 
Calcium (Ca) 2130 37800 10700 2590 1000–5000 1000–27000 
Iron (Fe) 1190 30300 7310 1210 300–600 1000–4000 
Copper (Cu) 44 19 273 25 5–10 10–50 
Sodium (Na) 13800 112000 22900 3040 1000–5000 1000 
Vanadium (V) 14.3 266 31.7 3.48 2–10 10–70 
Zinc (Zn) 76.1 1949 197 61.2 10–60 100–1000 
 
Samples at 1.5 m height showed even distribution of pollution load which was attributed to the presence of the 
noise protection wall and the wind that blows mainly parallel to the A4 motorway. The findings are presented here 
in Table 5 to reveal that traffic impact is greater near roadside and decrease with distance. They match with previous 
studies that investigated pollution transport in roadside soil and road runoff (Kocher and Wessolek, 2003; and 
Kocher et al. 2005). 
Table 5. Time-based average of deposits sampled at close distances to the road edge and at two different heights (0.1 m and 1.5 m). Distance of 
sampling point from road edge was measured in meter. 
Elements Deposition (μg*m-2*d-1) 
Sampling height 1.5 m 
 Deposition (μg*m-2*d-1) 
Sampling height 0.1 m 
Location to  
wind direction 
A555W 
windward 
A555E 
leeward 
A61E 
leeward 
A4S 
neutral 
A4N 
neutral 
A555W 
windward 
A555E 
leeward 
A61E 
leeward 
A4S 
neutral 
A4N 
neutral 
Distance (meter) 1 1 2.5 1 1 1 1 2.5 1 1 
bulk air deposits 
(mg*m-2*d-1) 
303 533 1.785 496 204 2930 4270 8210 3380 3040 
Lead (Pb) 46.1 50.4 157 41.1 31.3 275 407 623 288 300 
Cadmium (Cd) 0.941 1.45 2.31 1.13 2.28 3.15 6.38 5.22 4.76 5.08 
Calcium (Ca) 10350 16130 70720 13400 7160 71440 101520 247500 80520 71670 
Iron (Fe) 9327 12920 52780 6870 6350 69120 106950 205830 68690 68930 
Copper (Cu) 116 130 337 102 111 580 748 1557 697 789 
Sodium (Na) 33120 76420 81510 24820 15840 129800 231000 396200 162000 190400 
Vanadium (V) 20.5 31.4 162 14.8 13.5 144 229 581 136 129 
Zinc (Zn) 342 353 1.012 325 288 1,439 2153 4132 2222 2132 
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4.3. Temporal variation of airborne deposits 
Deposition load of sodium and heavy metals fluctuated over the entire year. Figure 2 shows the monthly variation 
of cadmium; as an example for heavy metals, and for sodium, which is generated due to application of deicing 
agents in winter seasons; on the A555 motorway for the period from February 2005 to July 2006. As expected, 
sodium deposition rate was higher in winter, which is attributed to the application of deicing salts and mainly to 
sodium chloride. Winter values of sodium were higher than the VDI range. Some heavy metals such as cadmium 
showed a clear seasonal trend with a maximum deposition rate of on the A555 investigation sites in summer and 
winter and a minimum value is in spring and autumn.  
 
Sampling date Sampling date 
Fig. 2. (Left) Time-based fluctuation of pollution load of sodium (left) and cadmium (right) in samples at 1.5 m height at the A555. 
 
Fig. 3a. Spatial distribution of deposits of several substances measured at different locations and sides of the A555 motorway. All are measured in 
μg*m-2*d-1. 
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Fig. 3b. Spatial distribution of deposits of several substances measured at different locations and sides of the A4 and A61 motorways. All are 
measured in μg*m-2*d-1. 
5. Conclusion 
Three motorways were selected to study distribution of deposits emitted by traffic-related activities. The study 
attempted to describe the spatial distribution and the temporal fluctuation of fractions of traffic-related substances 
including some heavy metals and sodium. The motorways have been selected in a way that enables investigating 
some assumptions including the impact of heavy traffic share, wind direction, height above land surface and 
distance from the road edge. Each of the three motorways; A4, A555 and A61; carries a traffic density of about 
70000 vehicle per day, which exceeds the average daily traffic (ADT) of the German motorways. The results 
presented in this study considered only the fraction rather than concentration of substances in deposits. Soil samples 
depicted a decreasing trend of heavy metals with increasing distances from the road edge. As an example; the 
concentration of zinc, lead and copper showed a clear decreasing pattern with increasing distance from the road side, 
which was about five times higher than at 10 m distance from the road edge. Compared to the precautionary values 
of the German Federal Soil Protection and Contamination Ordinance of the Ministry for Environment (BBodSchV 
1999) the concentration of several heavy metals was substantially high. The impact of deicing salts was clearly 
reflected in the elevated electrical conductivity surface soil than in deeper layers, and in soil samples that are closer 
to the road edge. 
On the other side, most of the background deposits samples exhibited bulk deposition values higher than the 
typical VDI ranges of the bulk deposition and heavy metals in rural and urban areas. Background samples collected 
at the both sides of the motorway A555 showed airborne deposits that are approximately 50% higher than the VDI 
ranges for urban areas, and two orders higher than VDI values for rural areas. Individual elements showed a wide 
range of deposition values showing that the impact of traffic activities could reach large distances from the road 
edge. It was found that heavy traffic share clearly impacted deposition rate of traffic-related emissions. The 
motorway A61 has the highest heavy traffic (about two to three times higher than heavy traffic in A555 and A4) and 
showed the highest deposition for almost all elements. Almost all heavy metals in samples collected at 1 m distance 
from the road edge were about 100% higher than the highest corresponding values from other motorways. 
Additionally, a clear decreasing trend of deposition rate with distance from the road edge was observed on the three 
sites. The area on the two sides of the A555 and A61 is flat and nearly free of trees. This led to a wider emission 
distribution over a larger area than the case in the motorway A4. The motorways presented a clear difference in 
deposition between windward and leeward sides, where the deposition measured on the leeward side was higher in 
almost all samples and elements.  
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The results show a continuous and considerable deposition of dust and spray water. The retention ability of the 
roadside environment provided by vegetation and soils varies according to the local conditions, but its efficiency is 
widely irrespective of these properties. This leads to contaminant enrichment near the roads, but also helps to 
decrease substantially the mass flow leaving this direct environment to groundwater and surface waters. This should 
be taken in account when adjusting regulations for road drainage and treatment of road runoff. It was clear that other 
factors should be considered to explain the complicated fluctuation of heavy metals with time. As an example, 
future studies could consider impact of deicing salts on expected time-based fluctuation of heavy metal mobility. 
References 
BASt / BMVBW (2001): Autobahnverzeichnis 2001. ca. 150 S., aufgestellt von der Bundesanstalt für Straßenwesen. Hrsg: Bundesministerium 
für Verkehr, Bau- und Wohnungswesen, Bonn 2001. 
BBodSchV. (1999): Bundes-Bodenschutz- und Altlastenverordnung vom 12. Juli 1999 – (The German Federal Soil Protection and 
Contamination Ordinance) (BGBl. I S. 1554, in German). 
Blomqvist, G.; and Johansson E. L. (1999): Airborne spreading and deposition of deicing salt – a case study. The Science of Total Environment, 
Vol. 235, pp. 161–168. 
Brod, H.G. (1993): Langzeitwirkung vos Streusalz auf die Umvelt, Verkehrstechnik Heft V2, Bundesanstalt für Straβenwesen, Bergisch 
Gladbach. (In German). 
Deska, J.; Bombik, A.; Marciniuk-Kluska, A.; and Rymuza, K. (2011): Trends in lead and cadmium content in soils adjacent to European 
highway E30. Polish Journal of Environmental Studies, Vol. 20, pp. 317–325. 
European Environment Agency, EEA (2015): Air pollution in Europe – 2015 Report, 64pp. 
Grigalavičiene, I.; Rutkoviene, V.; and Marozas, V. (2005): The accumulation of heavy metals Pb, Cu and Cd at roadside forest soil. Polish 
Journal of Environmental Studies, Vol. (14), pp. 109–115. 
Harrison, R.M.; and Wilson, S.J. (1985): The chemical composition of highway drainage waters: Major ions and selected trace metals. Science of 
Total Environment, Vol. 43(1–2), pp. 63–77. 
Kluge B.; and Wessolek G. (2012): Heavy metal pattern and solute concentration in soils along the oldest highway of the world – the AVUS 
Autobahn. Environmental Monitoring and Assessment, Vol. 184(11), pp. 6469–6481. 
Kocher, B.; and Wessolek, G. (2003): Verlagerung straßenverkehrsbedingter Stoffe mit dem Sickerwasser. 99 S.; Forschung Straßenbau und 
Straßenverkehrstechnik, Heft 864, Bundesministerium für Verkehr, Bau- und Wohnungswesen, Abt. Straßenbau, Bonn. 
Kocher, B.; Wessolek, G.; and Stoffregen, H. (2005): Water and heavy metal transport in roadside soils. Pedosphere, Vol. 15(6), pp. 746–753. 
Koryaka, M.; Stafforda, L.; Reillya, R.; and Magnusona, P. (2000): Highway Deicing Salt Runoff Events and Major Ion 
Concentrations along a Small Urban Stream. Journal of Freshwater Ecology, Vol. 16(1), pp. 125–134. 
Lee, B. H.; Scholz, M.; and Horn, A.; (2006) Constructed Wetlands: Treatment of Concentrated Storm Water Runoff (Part A). Environmental 
Engineering Science, 23(2): pp. 320–331. 
McBean, E.; and Al-Nassri, S. (1987): Migration pattern of de-icing salts from road. Journal of Environmental Management, Vol. 25,  
pp. 231–238. 
Modrzewska, B.; and Wyszkowski, M. (2014): Trace metals content in soils along the state road 51 (northeastern Poland). Environmental 
Monitoring Assessment, Vol. 186(4), pp. 2589–2597. 
Norrström A.C.; and Jacks, G. (1998): Concentration and fractionation of heavy metals in roadside soils receiving de–icing salts. Science of Total 
Environment, Vol. 218, pp. 161–74. 
Remmlinger, W. (1984): Auswirkungen von Tausalzen auf die Vegetation von Straßen. Neue Landschaft, Vol. 29(1), pp. 41–49. 
Sansalone, J.J.; and Buchberger, S.G. (1997): Partitioning and first flush of metals in urban roadway storm water. Journal of Environmental 
Engineering ASCE, Vol. 123, pp. 134–143. 
Steiner, M.; Boller, M.; Schulz, T.; and Pronk, W. (2007): Modelling heavy metal fluxes from traffic into the environment. Journal of  
Environmental Monitoring, Vol. 9, pp. 847–54. 
VDI-Richtlinie 2267 Teil 14 (2003): Determination of suspended matter in ambient air – Measurement of Al, As, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, 
Mn, Na, Ni, Pb, V, Zn as part of dust deposition by optical emission spectrometry (ICP OES), 18 pp. Kommission Reinhaltung der Luft 
(KRdL) im VDI und DIN, Beuth Verlag, Berlin. 
Viard, B.; Pihan, F.; Promeyrat, S.; Pihan, J.C. (2004): Integrated assessment of heavy metal (Pb, Zn, Cd) highway pollution: bioaccumulation 
in soil, Graminaceae and land snails. Chemosphere, Vol. 55, pp. 1349–1359. 
Yan, X.; Gao, D.; Zhang, F.; Zeng, C.; Xiang W.; and Zhang, M. (2013): Relationships between heavy metal concentrations in roadside topsoil 
and distance to road edge based on field observations in the Qinghai–Tibet Plateau, China. International Journal for Environmental Research 
and Public Health, Vol. 10, pp. 762–775. 
